Objective: To characterize energy and macronutrient intakes in Brazil and to describe the top food items contributing to energy and macronutrient intakes. Design: Two non-consecutive 24 h dietary records were collected and energy and macronutrient data were adjusted for usual intake distribution. Descriptive statistics and ANOVA with the Bonferroni post hoc test were analysed using SAS version 9·1. Means and standard deviations were estimated for sex, age and income strata. Setting: Nationwide cross-sectional survey, [2008][2009]. Subjects: Nationally representative sample of individuals ≥10 years old (n 32 749), excluding pregnant and lactating women (n 1254). Results: The average energy intake was 7958 kJ/d (1902 kcal/d) and mean energy density was 6·82 kJ/g (1·63 kcal/g). Added sugar represented 13 % of total energy intake and animal protein represented 10 %. The mean contribution of total fat to energy intake was 27 %, while the mean saturated fat contribution was 9 %. Compared with the lowest quartile of income, individuals in the highest income quartile had greater mean intakes of energy, added sugar, alcohol, animal protein, total fat, saturated fat, monounsaturated fat and trans fat. Rice, beans, beef, bread and coffee were among the top five foods contributing most to the intakes of energy, carbohydrates, protein, fat and fibre. Conclusions: In general, Brazilians' dietary intake is compatible with a high risk of obesity and non-communicable chronic diseases, being characterized by high intakes of added sugar and saturated fat. Income may be a major determinant of diet nutritional characteristics.
Similar to many other countries, the dietary patterns in Brazil have changed rapidly and drastically in recent decades. These changes are characterized by the increased intake of processed foods and consequently of saturated fats and simple sugars. The excessive consumption of these foods has been linked to the development of excessive weight gain and to an increased risk CVD (1) as obesity is a leading risk factor for many adverse health outcomes including dyslipidaemia, hypertension, type 2 diabetes, CVD and certain types of cancer (2) . In 2007, 72 % of deaths in Brazil were attributed to non-communicable diseases, especially stroke, CVD and cancer (3) . Additionally, the prevalence of overweight and obesity in Brazil has increased steadily since 1974 in both females and males, as well as across all income quintiles. In the 35 years elapsed from 1974-1975 to 2008-2009 , the prevalence of overweight in adults almost tripled among males (18·5 % to 50·1 %) and almost doubled among females (from 28·7 % to 48·0 %). In the same period, the prevalence of obesity more than quadrupled among males (from 2·8 % to 12·4 %) and doubled among females (from 8·0 % to 16·9 %) (4) . Despite the importance of diet in the development of these diseases, which are among the main causes of mortality in Brazil (3) , and the accelerated progression of overweight and obesity (4) , Brazil had not collected information about food consumption at the individual level until a few years ago. Food consumption trends were based on information from the Household Expenditure Surveys (HES), which have been conducted regularly since the mid-1970s.
According to data from the two most recent HES (2002-2003 and 2008-2009 ), household macronutrient availability in Brazil has changed, with reductions in total carbohydrate content and concomitant increases in protein and fat contents (5, 6) . In both studies, the energy intake from added sugar exceeded the maximum level of 10 % of total energy intake proposed by the WHO (7) ; additionally, the increase in protein intake was attributable to that from animal sources rather than from vegetable sources, whereas among fats increased intake of both saturated (from 7·9 % to 8·3 % of total energy intake) and monounsaturated fat (from 8·7 % to 9·2 % of total energy intake) was observed.
In Brazil, current trends in food habits have indicated significant increases in away-from-home food consumption since expenditures on away-from-home food consumption increased from 24·1 % (2002) (2003) to 31·1 % (2008-2009) of total food expenditures. During the same period, the household energy availability decreased from 7531 kJ to 6694 kJ (1800 kcal to 1600 kcal) (6) . These tendencies suggest that the HES may not be a consistent source of individual dietary intake data.
Therefore, the Brazilian government has made efforts to collect data of individual food consumption through the development of the first Brazilian Individual Dietary Survey along with the 2008-2009 HES, which was conducted by the Instituto Brasileiro de Geografia e Estatística (Brazilian Office of Geography and Statistics). This survey collected information about food intake from a nationally representative sample of individuals ≥10 years old (8) . Such data could provide important tools for the planning and monitoring of health and nutrition activities. For that reason, the purpose of the present study was to characterize the energy and macronutrient intakes in Brazil and to describe the food items that contributed most to these intakes.
Methods

Participants
Data were collected in a nationally representative crosssectional survey, the 2008-2009 Brazilian HES, which investigated a sample of 55 970 households that had been selected using a two-stage cluster sample design (9) . In the first stage, census tracts, which were the primary sampling units, were randomly selected according to the 2000 Brazilian Demographic Census in order to obtain homogeneous socio-economic and geographic strata. In the second stage, households were selected within each tract by simple random sampling without replacement. The National Dietary Survey was conducted in about 24 % of these households (n 13 569) to obtain food consumption data for all family members ≥10 years old. The present analysis included 32 749 individuals, after excluding 1254 pregnant and lactating women.
Dietary intake
All eligible individuals were asked to describe all foods and beverages consumed during two specified nonconsecutive days in order to complete the food records. Participants were asked to record the amounts consumed and the times and places where the foods were consumed; additionally, information about cooking methods was required for certain items (primarily meats and vegetables). Water intake was not recorded. The respondents received instruction manuals, with photographs of common household measures, explaining how to complete the records. Information was collected during the period between waking up on the specified day and before waking up on the following day.
All dietary records were reviewed by the interviewers, who probed the respondents for commonly forgotten foods and periods longer than 3 h without any reported intake. Additionally, food records with fewer than five items were checked to ensure that no additional items had been consumed during the day.
A compiled nutritional database (10) , based mainly on the Brazilian Food Composition Table (11) and the Nutrition Coordination Center Nutrient Databank (12) , was used to estimate the daily energy and macronutrient intakes. The relative contribution of each macronutrient to total energy intake was also calculated. Energy density was defined as the amount of energy available in a given weight of food (kJ/kcal per 100 g) and only solid foods (except for beverages) were considered in the calculation (13) . Additionally, information on the consumption of sugar and/or artificial sweetener was collected using a specific question: 'What do you use more frequently: sugar, artificial sweetener, both, or none?' The amount of table sugar added to beverages (except mate * and flavoured drink mix) was computed using standardized procedures defined by the Instituto Brasileiro de Geografia e Estatística (14) : if the respondent informed that 'sugar is frequently used in beverages', then 10 % of sugarcane was added to the beverage (10 g of sugar for each 100 ml of beverage); if the respondent informed to use both sugar and artificial sweetener, then 5 % of sugarcane was added to the beverage (5 g of sugar for each 100 ml of beverage). The amount of added sugar from processed foods was computed using the Nutrition Coordination Center Nutrient Databank.
To adjust for usual intake distribution, we estimated within-individual variations derived from two days of food records using the Multiple Source Method (https:// msm.dife.de). The Multiple Source Method is characterized by a two-part shrinkage technique applied to the residuals of two regression models: (i) one for positive daily intake data; and (ii) one for event of consumption (15) . * Mate is an infusion prepared from leaves of yerba mate (Ilex paraguariensis) traditionally drunk in the Brazilian South and some states in Central-Western Brazil.
Finally, the contribution (%) of food groups to energy and macronutrient intakes was estimated and the top five food groups contributing to the dietary intake were described.
Statistical analyses
Means and standard deviations of energy and macronutrient intakes were estimated for each age-and-sex stratum and according to per capita monthly household income quartiles. Age was classified into four categories: (i) 10-13 years (adolescents -first phase of adolescence); (ii) 14-18 years (adolescents -second phase of adolescence); (iii) 20-59 years (adults); and (iv) ≥60 years (elderly). Per capita monthly household income was calculated as the total monthly household income divided by the number of individuals in the household (this included both monetary and non-monetary sources of income, including donations, gifts and self-production) and was divided into quartiles as follows: quartile 1, <95 dollars; quartile 2, 95-178 dollars; quartile 3, 179-332 dollars; and quartile 4, >332 dollars.
Differences in the mean values were assessed with oneway ANOVA with the Bonferroni post hoc test. All statistical analyses were performed considering the sampling design and weights using the statistical software package SAS version 9·1.
Results
Energy and macronutrient intakes
Overall, the mean daily energy intake was 7958 kJ (1902 kcal) and the mean energy density, considering only solid food, was 6·82 kJ/g (1·63 kcal/g). The mean carbohydrate contribution to total energy intake was 56 % and the mean contribution of added sugar to total energy intake was 13 %. Protein provided 17 % of total energy intake, with animal protein corresponding to 10 % of total energy intake. The mean contribution of total fat to total energy intake was 27 %; saturated fat 9 %, polyunsaturated fat 6 %, monounsaturated fat 9 % and trans-fat 1·1 %. The mean daily intakes of linoleic and linolenic acids were 11 and 1·4 g, respectively, and the mean cholesterol intake was 253 mg/d. The mean fibre intake was 20 g/d, of which 11 g/d was accounted for by insoluble fibre. Finally, the mean contribution of alcohol to total energy intake was 0·4 % (Table 1) . Table 1 also presents internationally accepted dietary recommendations that were used for comparison with the intakes of selected macronutrients in Brazil (7, 13, (16) (17) (18) . Overall, the mean percentage contributions of added sugar, saturated fat and trans-fat to total energy intake were above the recommended levels, while the mean percentage contributions of carbohydrates and total fat 27 5 Saturated fat (g) -20 9 % of total energy intake <7 % of total energy intake (18) 9 2 Polyunsaturated fat (g) -13 5 % of total energy intake <10 % of total energy intake (17) 6 1 Monounsaturated fat (g) -19 8 % total energy intake -9 2 Trans fat (g) 2·4 1 ·8 % of total energy intake <1 % of total energy intake (7) 1·1 0 ·7 Cholesterol (mg) <300 mg/d (7) 253 127 Linoleic acid (n-6) (g)
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were in agreement with the guidelines. However, the mean daily intake of fibre (recommendation = 25 g/d) (7) and the mean percentage contribution of polyunsaturated fat to total energy intake (recommendation < 10 %) (17) remained below the recommended levels.
Energy and nutrient intakes by sex and age
In the total sample, 9·4 % of the participants were between 10 and 13 years old, 11·3 % were between 14 and 18 years old, 66·1 % were adults (19-59 years old) and 13·2 % were elderly (≥60 years old). Males generally reported a higher level of total energy intake than did females; this difference was more pronounced among adults as the daily energy intake of adult men was approximately 25 % higher than that of adult women (P < 0·01). There was no significant difference in the daily energy intakes of 10-13-year-old males and females; however, the daily energy intake of 14-18-year-old males was 15 % higher than that of females in the same age group (P < 0·01). Among the elderly, the difference in mean daily energy intakes between men and women was about 18 % (P < 0·01; Tables 2 and 3) . Energy intake varied according to age for both male and female individuals. Daily energy intake estimated for 10-13-year-old males was 12 % lower than that observed for 14-18-year-old males (P < 0·01). In contrast, no difference in energy intake was observed for females in the same age groups. When adolescents and adults were compared, differences in energy intake were observed only for females, with adult women reporting energy intake 10 % lower than that of female adolescents (P < 0·01). The mean energy intake of elderly men (>60 years) was 14 % less than that estimated for adult men (P < 0·01) and that estimated for elderly women was 10 % smaller than that observed for adult women (P < 0·01). Elderly and adolescent participants had the lowest and the highest means of dietary energy density, respectively (Tables 2 and 3) .
For both sexes, the percentage contribution of carbohydrates to total energy intake was higher for adolescents; however, these differences were significant only when 10-13-year-old males were compared with adult and elderly men (Tables 2 and 3) .
For all age groups, females reported a higher percentage contribution of added sugar to energy intake than did males, particularly in the 14-18-year-old (16 % v. 14 %; P < 0·01) and adult (14 % v. 13 %; P < 0·01) age groups. For both males and females, the mean contribution of added sugar decreased with age (Tables 2 and 3) .
The mean daily total fibre intake was related to total energy intake, being significantly higher in males compared 
Mean values within a row with unlike superscript letters were significantly different (P < 0·05).
with females, although among the latter, the mean daily fibre intake did not vary across age groups and was approximately 18 g. As expected, the percentage contribution of alcohol to total energy intake was higher in males than in females, except for the 14-18-year-old group, in which the contribution was the same for both sexes. For both males (0·83 % v. 0·69 %) and females (0·22 % v. 0·14 %), the contribution of alcohol was higher in adults than in elderly individuals (Tables 2 and 3) .
For both sexes, elderly participants reported a higher energy contribution from protein (18 % for men, 17 % for women) than adolescents and adults. Adults and elderly of both sexes reported a higher energy contribution from animal protein than adolescents. In both sexes, the elderly reported the lowest contribution of total fat to total energy intake (26 % for men and 27 % for women; Tables 2 and 3) .
In comparison to adults and the elderly, adolescents of both sexes reported the highest percentage contribution of saturated fat to total energy intake, although these differences were significant only for adolescent females. Additionally, females generally reported a higher contribution of saturated fat to total energy intake than males in all age groups (Tables 2 and 3 ).
The lowest percentage contributions of polyunsaturated and monounsaturated fats to total energy intake were observed among the elderly; however, no significant differences were observed between males and females. The energy contribution of trans-fats was 1·1 % for nearly all sex-and-age strata, except in elderly men (1·0 %; Tables 2  and 3) .
Males reported greater mean daily cholesterol intake than did females, except for the 10-13-year-old group, and the greatest difference (approximately 20 %) was observed when adult men were compared with adult women (280 v. 234 mg; P < 0·01). The mean daily cholesterol intake decreased with age in both sexes. This decrease was more pronounced among males, although elderly women presented the lowest mean cholesterol intake (215 mg/d). There was no sex-related difference in the n-6:n-3 fatty acid ratio, although this ratio decreased with age in both sexes (Tables 2 and 3) .
Energy and nutrient intakes according to income
Comparing mean energy intake across the quartiles of per capita monthly household income showed that the mean energy intake in quartile 4 (wealthiest) was 10 % higher than that estimated for quartile 1 (poorest). The same trend was observed for the mean contribution to total 
energy intake from added sugar (+12 %), alcohol (+700 %), animal protein (+8 %), total fat (+9 %), saturated fat (+19 %), monounsaturated fat (+10 %) and trans-fat (+22 %; Table 4 ). Mean contributions of total carbohydrates (−4 %) and polyunsaturated fat (−5 %) to energy intake and the n-6:n-3 ratio were lower in the quartile 4 compared with quartile 1 ( Table 4 ).
Foods that contributed most to energy and macronutrient intakes Rice, beans, beef, bread and coffee accounted for > 50 % of the daily energy intake in all income quartiles, except for quartile 4, in which 'juices and refreshments' replaced coffee among the top five foods that contributed most to energy intake. These foods also contributed substantially to total carbohydrate intake. Rice and beans accounted for 29 % of the daily energy intake among individuals in quartile 1 and for 22 % of the daily energy intake among individuals in quartile 4. Furthermore, rice and beans were among the top five foods with the greatest contributions to the intakes of total carbohydrates, total protein, total fat and fibre (data not shown). Among those in quartile 1, fresh fish represented the food type with the highest contribution to total protein intake ( Fig. 1 ). Beef and poultry represented the foods with the highest contributions to total fat intake (28 %). Coffee, juices/refreshments and soda accounted for an average of 58 % of the added sugar contribution, ranging from 52 % among those in quartile 4 to 64 % among those in quartile 1 (data not shown).
Discussion
The present study provides a detailed characterization of the energy and macronutrient intakes of Brazilian adolescents, adults and elders according to data collected during the first National Dietary Survey, which was developed in 2008-2009. In general, animal protein, added sugar and saturated fat contributed substantially to total energy intake and trans-fat intake was slightly elevated. There were also reduced intakes of fibre and favourable fats and imbalance in the n-6:n-3 ratio. The analysis revealed significant differences between lowest and highest income quartiles, with the latter reporting higher energy intake levels and striking features of low diet quality, including greater intakes of added sugar and saturated fat. The intakes of rice, beans, beef, bread and coffee accounted for an average of 50 % of the daily energy intake. The energy intake of adolescents was higher than that of adults and the elderly, particularly among women. This finding might be partially explained by the higher energy demand associated with the rapid growth that is typical during adolescence as well as higher physical activity level (19) . The first investigation of dietary habits in the Belgian population, which was conducted in 2004, evaluated 3245 individuals aged ≥15 years using two non-consecutive 24 h recalls combined with an FFQ to obtain data about food consumption (20) . Similarly to the present study, the Belgian survey showed that energy intake decreased with age and that the energy intake level of individuals <18 years of age was approximately 35 % higher than that of individuals >75 years of age. Likewise, the first study designed to evaluate energy and macronutrient intakes of schoolchildren from eleven areas in the UK also reported higher energy intakes among adolescents (21) . Energy density can be considered a marker of dietary quality and can be strongly affected by the water and fat content of foods. High-density foods tend to be rich in fats and added sugars and poor in water and fibre (22) . Male and female adolescents and those in the two lower income quartiles reported the highest dietary energy densities. It is worth noting that energy density plays an important role in the regulation of food and energy consumption and, in the long term, on individuals' body weight (23) . Risk factors might be associated with the observed carbohydrate and total fat intake patterns. The consumption of added sugar was high, particularly among adolescents, and sugary drinks such as sodas and juices/refreshments were the greatest contributors to the high levels of added sugar intake. Sugary drinks are known to provide a great deal of energy and large amounts of readily absorbed sugars (24) . In contrast, the contributions of total carbohydrate to energy intake reported for studies performed in Belgium (45·8 %), France (44·0-45·5 %) and Hungary (45 % for men and 48 % for women) were smaller than those observed among the Brazilian population (20, 25, 26) . Nevertheless, in Brazil, total fat intake was within the WHO guidelines (a maximum of 30 % of total energy intake) (7) . However, the lipid profile was unfavourable because the contribution of saturated fat to total energy intake was higher than that recommended by the guidelines, also high trans-fat intake and imbalances in the n-6:n-3 fatty acid ratio were observed. This unfavourable lipid profile was also observed in the Epidemiological Study of Adolescents and Young Adults (ESAY), a study that analysed the food consumption patterns of adolescents and young adults in New Delhi, India (27) . A European study intended to provide a broad view of the health and nutritional status of the European Union (European Health and Nutrition Survey) showed that the energy contribution of total fat exceeded the level recommended by the WHO in all countries included in the study, particularly France, Greece, Portugal, Spain and the UK, and that the intake of polyunsaturated fat was below the recommended levels (6-11 % of energy) (28) . The results of the Individual and National Food Consumption Surveys (2006) (2007) , a French nationwide study that included 1922 individuals ranging from 18 to 79 years of age in which food consumption was recorded through seven dietary records, also reported high levels of energy contribution by total fat, particularly in women (more than 39 %) (25) . In England, data from the National Diet and Nutrition Survey (NDNS) of 2008-2009 (n 896) revealed high intake of SFA (13-15 % of total energy) and low intake of MUFA (12-13 % of total energy) as well as low intake of trans-fatty acids (0·8 % of total energy) (29) . In Finland, polyunsaturated fat intake was about 13 % of total energy for men and 12 % for women (30) . Low polyunsaturated fat intake and high saturated fat intake are associated with various coronary events and an increased risk of death resulting from their effects on plasma lipoproteins (31) . According to Mensink et al. (32) , saturated fat contributes to increased LDL-cholesterol levels, whereas polyunsaturated fat leads to decreases in LDL-cholesterol levels. Trans-fats have greater atherogenic effect than do saturated fats; moreover, trans-fats contribute to increased LDL-cholesterol and decreased HDL-cholesterol levels (33) . This scenario is worsened by an imbalance in the n-6:n-3 ratio, which was also observed in the present study. Probably, the very low intake of fish contributes to the unfavourable lipid profile in the Brazilian diet (8) .
The low fibre intake can be partially explained by the low consumption of wholegrain cereals and fresh fruits and vegetables in Brazil (8) . The VIGITEL survey (Surveillance of Risk and Protective Factors for Chronic Diseases Telephone Survey), which was performed in the twentysix Brazilian states plus the Federal District and included 54 114 adults (≥18 years), revealed low levels of fruit and vegetable consumption, with only 20 % of the population consuming at least five portions of fruits and vegetables daily (34) . This low level of fruit consumption can be considered inadequate in terms of health promotion and chronic diseases prevention (35) . The greater intakes of fibre, cholesterol, linoleic and linolenic acids among males when compared with females can be explained by the higher energy consumption observed for males.
High intake of protein from animal sources was observed, especially in elderly individuals. Prospective studies conducted in the USA and Europe have shown that high levels of red meat consumption are associated with increased risks of death due to CVD (36) and colorectal cancer (37) and with high levels of oxidative stress biomarkers (38) . In Brazil, a population-based study conducted in São Paulo reported that 81 % of men and 58 % of women consumed higher-than-recommended amounts of red meat and excessive red meat consumption among men was associated with a low-quality diet (39) . Given that alcohol consumption was not equally distributed and that the findings reflected population means, energy from alcoholic beverages did not affect the mean total energy intake. Similar observations were found in European countries (28) , where alcohol consumption was higher among men than among women. These results were also consistent with those observed in the VIGITEL study, which reported that men consumed excessive amounts of alcoholic beverages (defined as ≥5 drinks/d for men and ≥4 drinks/d for women), nearly threefold higher than women (26 % v. 9 %, respectively) (34) . In general, mean energy intake estimates obtained in the Nationwide Dietary Survey were higher than those observed in the HES. These differences can be explained by the awayfrom-home food consumption and because of differences in the data collection method. Other important differences were observed: the dietary survey estimates for the contribution of total protein (17 % v. 12·1 %), animal protein (10 % v. 6·7 %) and saturated fat (9 % v. 8·3 %) to total energy intake were greater than those observed in the HES. However, the reverse was observed for the contribution of total carbohydrates (56 % v. 59·2 %), added sugar (13 % v. 16·4 %), total fat (27 % v. 28·7 %) and polyunsaturated fat (6 % v. 9·2 %) to total energy intake.
Rice and beans, which are the major staple foods in Brazil, were important contributors to total energy intake and together comprised 26 % of total dietary energy. Moreover, rice and beans were among the top five contributors to the intakes of total carbohydrates, total fibre, total protein, saturated fat, polyunsaturated fat, and linoleic and linolenic acids.
The study is not free of limitations. Since the consumption of table sugar was indirectly estimated, there is no guarantee that the estimates on sugar intake are unbiased. Furthermore, some degree of under-reporting may be present in the analysed data. The methods used in the survey were validated in a study that used the doubly labelled water method as the gold standard for estimating energy expenditure and the results indicated that underreporting of energy intake was, on average, 17 % (8) . Therefore, it is possible that the degree of inadequacy in the intake of saturated fat and added sugar can be even higher than that estimated in the present study.
On the other hand, several strengths can be recognized in the current study. First, the use of population-based data obtained in a study designed to estimate dietary consumption along the period of an entire year, capturing seasonal variations in Brazilian eating habits (8) , is noteworthy. Second, the estimates of usual energy and macronutrient intakes were based on statistical methods performed to appropriately adjust for intra-individual variability; such procedure allowed removal of extreme unlikely values (8, 15) . Findings from the present study can, at least partly, explain the role of dietary factors in the increased prevalence of overweight and the advance of chronic noncommunicable diseases in Brazil. The dietary profile observed in the study can support initiatives aimed at improving the diet quality and reducing the incidence of metabolic disorders and CVD.
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